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Abstract-In this paper, the technique of multiplicity was used to analyse GSM network capacity in Nigeria. An evaluation of Enhanced stochastic knapsack was used as an approach for resource sharing in multiservice by adopting the Erlang Loss Model in analyzing the SMS capacity. The offered traffic that is Lost Traffic based was used to dimension the system resources. To actualize this work, measurements were conducted in Benin City and Port Harcourt to determine the best signal characterization of the southern part of Nigeria. Based on the measurement data, a model was developed to predict the traffic intensity of the region. Comparisons were carried out on the different types of frequency hopping and the variant DFH based power was applied in improving the spectral efficiency of the network. The results showed that the spectral efficiency increased, as the number of cell per cluster decreased. The optimal value of the number of cell in the cluster caused reduced interference, since the reduced interference could allow the users to achieve higher rates.
Index Terms-Traffic; Multiservice; Knapsack; Spectral; Interference.
I. INTRODUCTION
Despite the numerous studies on GSM signal capacity analysis, a number of issues such as the capacity and efficiency of the network are still open. The most important among them understanding the traffic intensity of the network for proper dimensioning especially for multiservice. Traffic modelling part of networks modelling on the performance quality of any communication network. Traffic Model can be classified as smooth and non-smooth model [1] and [2] . The Smooth traffic model comprises of two types, Short Range Dependence (SRD) and Long Range Dependence (LRD) [2] [3], and [11] . A traffic model involves the following factors: Fitting nature, number of describing parameters and complexity of the parameter evaluation [4] . The introduction of Asynchronous Transfer Mode technology has strengthened the sharing of resources models with different resources requirements [6] , [9] and [11] . Due to the heterogeneous nature of load traffic and the associated difficulty in its characterization; trunk reservations are used in resource control [7] and [11] . This paper is aimed at deriving a traffic model for the calculation of the number of resources that are required to handle peak period of traffic in the cell while meeting the grade of service requirements.
A single service GSM network can be dimensioned based on an associated blocking rate, the Erlang-B Law will be a suitable traffic model [9] , [11] , and [17] . Presently, GSM network provides different services, such as voice, data, and multimedia services [11] and [15] . Hence, Erlang-B Law can no longer be applied in traffic modelling in GSM network, rather Knapsack will be a more suitable multiservice traffic model in finding the system minimal capacity given the requested grade of service (GoS) and reproducing the resources sharing among different services and users [14] , [12] , and [16] .
This work will examine the source, types and volume of data generation using analytical method and also investigate the kind of channel allocation with respect to the frequency hopping types to achieve the best spectral efficiency. The performance of GSM communication systems is dependent on the mobile radio channel [7] and [16] . Propagation models predict the mean signal strength and its variability at a given distance from the transmitter [9] , [13] , and [10] . Different models exist for different types of environments (urban and rural) [11] . Call blocking management approach will assist subscribers due to limited available radio resources, thus improving the spectral efficiency of the GSM cellular system which is of great concern to operators of GSM Network in South-South, Nigeria. There is therefore a need to tackle the problem of service congestion of GSM network.
II. MATERIALS AND METHODS
In this work, measurements were conducted to determine the traffic volume of GSM network in two major cities in south-south of Nigeria (Port Harcourt and Benin). The measurements were carried out using Samsung Mobile Phone. The traffic intensity of these locations were measured over 24hrs for 48 weeks. The average hours of the measured traffic in Erlangs were recorded. The carried traffic was expressed as the traffic load. The mean rate of blocked calls against the determined Erlang was used to find the lost traffic, to enable a formulation of the offered traffic for accurate cell dimensioning. The average number of arrival calls was evaluated with the corresponding handover arrivals. Based on the measurement data, a model was developed to analyze the network traffic intensity and spectrum.
A. Multi-service Traffic Model
A multi-service traffic model for GSM network was designed to meet the heterogeneous service requirements of different applications. In real application, voice calls require Spectral Efficiency Analysis of GSM Networks in South-South Nigeria P. Elechi, and T.A. Alalibo lower service rate than movie/picture download, therefore, movie/picture download belongs to the class that will require more allocation of channels. Many literatures have been developed on multi-server single-service using M/M/K/K system, but in this work, a multi-service loss model is developed for enhanced Knapsack Traffic model, with emphasis on the blocking probability of each class of traffic [19] . Unlike the M/M/K/K system whereby all the customers experience equal blocking probability, in this work, customer belonging to different classes experienced different blocking probabilities. Consider a GSM call with 7 channels, assuming 5 of the 7 channels are busy, if a customer that requires one channel arrives, the channel will not be blocked, but if a new arrival, that requires three channels, will be blocked. Therefore, customer that requires more channels will experience a higher blocking probability.
B. Model Description
Considering a set of K channels, serving customer being a member of I class. Customer from class I that require simultaneous S channels and their holding times are assumed exponentially distributed with mean 1/ . Class customer arrival arrives according to an independent Poisson process with arrival rate, . The holding times are independent of each other, hence, the process of arrival and the state of the system can be expressed as:
A class-customer admitted into the channel will use S channel for the duration of its average holding time, 1/ , after which S channel will be released to serve others. When a class-customer arrives but can't find a free channel, it will be blocked and cleared from the system. The probability that an arriving class-customer may be blocked is denoted by B .
C. Model Derivation
To develop a multiservice Traffic model for an enhanced Knapsack of capacity C, the steady state probability of process is used to satisfy the conditional probability of occurrence of state in Stochastic Knapsack [19] .
Considering a set of K channels serving customers belonging to I classes with traffic intensity each using resources and a knapsack of Capacity C.
If j = ( … ) represents the possible states of the Knapsack, also consider the steady-state probability distribution of for the case K= ∞ Let I = Independent uni-demensioned continuous-time Maxkor chamn (t) = Number of Class− customer in the system Where = 1,2………………..I. Characterized by the birth rate = I; death rate = ∏ ( ) = steady state probability of process (t). Then ∏ ( ) satisfies the equations:
i ∏ ( ) = ∏ ( + 1) for = 1,2,3..
Normalizing ( In steady state (t) = 1 , 2 (t) = , 2 …... (t) is expressed as:
Recall, we say j is feasible if
State are denoted with j = (ji…..jN), where ji. satisfies the number of class i customers in the system. Assuming there is no waiting room and that customers who do not find sufficient resources are blocked automatically.
Let P( ) ⃗⃗⃗⃗⃗ = 0 for all j∉f to normalize, the probability j∉f.
Recall, the probability that the infinite, server process is in a feasible state, in k finite servers
Hence, by truncating (4), the probability P(j) considered on f becomes
Let F(m) be the subset of an arriving class state m customer who must not be blocked, It implies that, F(m) = f such that = ∑ =1 ji si ≤ k -sm. Then, B(m)= ∑ f(m) P(j), m=1,2,………I So, using (6) B(m) = 1 -
Also, consider a set of K channels serving customers belonging to I classes with traffic intensity each using resources and a knapsack of Capacity C.
If j = ( ,……… ) represent the possible states of the Knapsack, then the probability of occurrence of each state is denoted using (8) . This equation holds by conditional probability definition. B(m) is the probability that a class m customer is blocked; in this model, B(m) is derived for each class. P( ) is the state probability vector for all f. F(m) represents the subset of the states for an arriving class m customer that will not be blocked.
III. RESULTS AND DISCUSSION
A. Results 
B. Discussion
In section II, the stochastic knapsack model was used as an extension of the Erlang-B algorithm to find the analytical model of the blocking probability for each service of voice and data, knowing the system capacity and the incoming traffic. Fig. 1 and 2 shows the average rate of blocked calls and call handover. The result showed that the maximum blocked call occurred between 12 and 3 pm. The performance of call blocking probability is drawn versus the traffic (A) as shown in Fig. 3 . Fig. 3 presents a comparison of blocking probabilities in GSM systems for (a) without FH, (b) with FH and (c) with DFH. It can be seen from the graph that the blocking probability of FH at a load of 2 Erlang is equal to 0.07. This is more than GSM-without FH for the same load which is equal to 0. The blocking probability is suppressed considerably by applying DFH. If we compare the Frequency Hopping systems for a loading of 3 Erlang, GSM without FH has a blocking probability of 0, whereas with hopping is 0.08; and 0.082 for DFH. As loading increases, blocking probability for GSM without FH increased very fast, while for FH, increase was considerably slow. For DFH the blocking probability was 0 from 6 Erlang load, whereas after exploiting DFH, no single user experienced outage until the load became high.
In Fig. 4 , the blocking probability of FH for 60 users was 0.02, which is less than GSM without FH for the same number of users at a BP of 0.03. The blocking probability appeared very low in DFH and comparing between the systems for 60 to 70 users, then the GSM network without FH has an outage probability of 0.09 and decreases to 0.025 with FH and 0 for DFH. As the loads increase, the blocking probability also increase very rapidly, while for FH this increase is considerably slow. For DFH the blocking probability is 0 until the number of users exceed 70.
From Fig. 5 it was seen that traffic control could potentially increase the spectral efficiency by decreasing the traffic itself, since the reduced interference could allow the users to achieve higher rate. The figure showed the performance of these systems for GSM without FH, with FH, and with DFH. Also in the figure is seen the improvement in the average user spectral efficiency and in the high data rate coverage. Although for low loading, the difference in spectral efficiency was not much for 1 Erlang load, without FH, its 3.5 b/s/Hz, with FH its 5.1 b/s/Hz, and with DFH its 6.5 b/s/Hz. The results showed that with the help of the switching relays, at a load of 2.3 Erlangs with heavy traffic. GSM network without FH will experience spectral efficiency of 1.9 bits/s/Hz, with FH at 2.2 b/s/Hz, and DFH at 2.9 b/s/Hz. At a load of 4 Erlangs, the spectral efficiency for DFH is higher than that of GSM without FH. Fig. 6 shows the performance of Spectral efficiency with reuse distance (radius in meters). The Spectral efficiency was shown to be increasing by decreasing the reuse distance. From optimal value of spectral efficiency, the optimal value of reuse distance can be obtained, and from the optimal reuse distance also the minimum value of interference can be obtained. In Fig. 7 , it is seen that the spectral efficiency increased, as the number of cell per cluster decreased. The optimal value of the number of cell in the cluster caused reduced interference, since the reduced interference could allow the users to achieve higher rates.
IV. CONCLUSION
Based on the analysis conducted, it can be observed that the new developed variant of Dynamic Frequency Hopping has shown to be the method which does not allow received signal power to drop easily. Therefore, the received power method gives better performance than other methods of DFH. The blocking probability appeared very low in DFH and comparing between the systems for 60 to 70 users, then the GSM network without FH has an outage probability of 0.09. It was observed that the spectral efficiency increased, as the number of cell per cluster decreased. The optimal value of the number of cell in the cluster caused reduced interference, since the reduced interference could allow the users to achieve higher rates.
The analytical method of data for cell dimensioning and the lost traffic approach allows more accurate optimal modelling and has shown the best spectral efficiency.
